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Synchronization of follicle-wave emergence is an important tool 
for effective superovulation in ruminants, as it allows fixed-time 
artificial insemination without the need for estrus detection. One of 
the more effective synchronization methods involves the combined 
administration of estradiol-17b (E2) and progesterone (P4), which 
causes regression of the dominant follicle and then emergence of 
a new follicle wave (1); superstimulation is typically started on 
the day of wave emergence. This method is more practical than 
follicle ablation and gives more consistent results than traditional 
protocols involving gonadotropin-releasing hormone and lutein-
izing hormone (GnRH/LH) (2). In a summary of several studies 
Bó et al (3) reported the emergence of a new follicle wave in 94% of 
cattle injected with 5 mg of estradiol, irrespective of the stage of the 
estrous cycle; in comparison, the rates were 40% to 80% for reviewed 
GnRH/LH protocols (2).

The use of E2 to synchronize follicle-wave emergence in food-
producing animals is no longer permitted in Europe and several 

other countries owing to concerns about steroid residues in food (4). 
Nevertheless, the practice remains common in some countries in beef 
and dairy cattle (5,6) and in other species, such as lactating llamas 
(7). The use in North America of E2 to synchronize follicle-wave 
emergence and induce ovulation is still being reported in research 
papers (8), and in some countries, including Canada, E2 esters are 
permitted for the treatment of anestrus and cysts in cattle. Further, a 
recent publication states that E2 valerate is approved by the US Food 
and Drug Administration for use in nonlactating cows (9).

Estimates of estrogen concentrations in commercial cow milk 
vary from 1 to 6 pg/mL for E2 and 20 to 150 pg/mL for estrone (E1) 
(10–12) and are argued to be too low to affect human health (12). 
Very little is known about the impact of reproductive technologies 
in ruminants on the estrogen content of milk. It is well known that 
superovulation results in elevated plasma E2 concentrations (13–15), 
and 1 study found about a 3-fold increase in E2 content in defatted 
milk from cows superovulated with porcine follicle-stimulating 
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A b s t r a c t
Very little is known about the effects of hormonal synchronization of follicle waves and superovulation on the estrogen content 
of a cow’s milk. The objective of this study was to determine the effect in dairy cows of synchronization with estradiol-17b (E2) 
and progesterone (P4) on milk E2 concentrations and to compare these levels with those achieved during superstimulation for 4 d 
with porcine follicle-stimulating hormone (FSH). The milk E2 concentrations were raised significantly above pretreatment levels 
(P , 0.05) for 2 d after synchronization, the mean peak being 40.2 6 18.5 (standard error) pg/mL and the pretreatment mean 
1.5 6 0.5 pg/mL. The mean peak E2 concentration during ovarian stimulation was 4.4 6 0.7 pg/mL. The mean E2 concentration 
was significantly higher (P , 0.05) after synchronization than during superstimulation for the 1st milking after synchronization 
but not subsequent milkings. The milk estrone concentrations were above pretreatment levels for 1 d after synchronization and 
were not different from those observed during superstimulation.

R é s u m é
Il y a peu d’information sur l’effet de la synchronisation hormonale de la vague folliculaire et de la surovulation sur la quantité d’œstrogène 
dans le lait de la vache. L’objectif de cette étude était de déterminer l’effet de la synchronisation avec le 17b-estradiol (E2) et la progestérone 
(P4) sur les concentrations de E2 dans le lait et de les comparer avec celles mesurées après stimulation avec la hormone folliculostimulante 
(FSH). Des vaches laitières ont été synchronisées avec E2 et P4 et surstimulées pendant 4 jours avec la FSH porcine. Le protocole de 
synchronisation a augmenté significativement (P , 0,05) les concentrations E2 dans le lait par rapport aux niveaux du prétraitement 
pendant les 2 jours suivant la synchronisation (concentrations maximales de 40,2 6 18,5 pg/mL contre 1,5 6 0,5 pg/mL prétraitement). Ces 
concentrations étaient significativement plus élevées (P , 0,05) que celles observées pendant la surstimulation (4,4 6 0,7 pg/mL) pour la  
1ère traite après la synchronisation. Les concentrations de l’estrone dans le lait étaient plus élevées que celles du prétraitement pour 1 jour 
après synchronisation, et elles n’étaient pas différentes des niveaux observés pendant la surstimulation.
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hormone (FSH) (16). Plasma E1 concentrations increased during 
the periovulatory period in cattle stimulated with equine chorionic 
gonadotropin, but a direct comparison with nonstimulated ani-
mals was not made (14). The objective of the present study was to 
determine the impact of an E2–P4 synchronization protocol on milk 
estrogen concentrations in dairy cattle and to compare these concen-
trations with those generated by a standard superovulation protocol.

The study was conducted on a commercial dairy farm in Quebec 
and was approved by the Animal Use and Care Committee of the 
Faculty of Veterinary Medicine, at St. Hyacinthe. Six cows [mean 
age 5.5 6 0.8 (standard error) y, body weight 671 6 9 kg, parity 
2 to 4, time in lactation 100 6 8 d, milk production 37.9 6 0.8 L/d] 
were selected at random to undergo a synchronization/super-
ovulation protocol. On the afternoon of day 0 of the protocol 
the cows were given an intravaginal P4 implant (CIDR; Pfizer 
Canada, Kirkland, Quebec) and 4.5 mg of E2 in sesame oil (Gentès 
& Bolduc, St. Hyacinthe, Quebec) by intramuscular (IM) injection. 
Superstimulation was started on the evening of day 4; the total dose 
of 380 mg of NIH FSH P1 (Folltropin-V; Bioniche Animal Health, 
Belleville, Ontario) was given as 9 IM injections of decreasing dose 
at 12-h intervals. Cloprostenol, 2 mg IM (Estrumate; Merck Animal 
Health, Kirkland, Quebec) was given in the morning and evening 
of day 7, the CIDR was removed on day 8, and 150 mg of GnRH 
(Cystorelin; Mérial Canada, Baie d’Urfé, Quebec) was given as 
2 injections 12 h apart on day 9.

The animals were milked in a unit equipped with an in-line moni-
toring device (Metatron, GEA WestfaliaSurge Canada, Mississauga, 
Ontario), and milk was collected continuously during each milking 
to obtain a homogeneous sample at each time point for each cow. 
Samples were collected immediately before E2 and CIDR adminis-
tration and twice daily thereafter until day 10. Samples were frozen 
at 220°C until assayed.

Whole-milk samples were homogenized with a Brinkmann 
Polytron PT3000 (Brinkmann Intruments, Westbury, New York at 
time of purchase, which is now owned by Metrohm USA, Riverview, 
Florida, USA) and assayed after solvent extraction. Each 2-mL sample 
was spiked with tritiated E2 or E1 for estimating extraction efficiency 
and were extracted twice with 6 mL of ethyl acetate:n-hexane 1:1 in 
borosilicate glass tubes. The extract was dried under nitrogen, dis-
solved in 2 mL of methanol, and then incubated for 1 h at 50°C. The 
samples were then centrifuged at 400 3 g for 30 min at 4°C, and the 
supernatant was transferred to clean tubes and dried under nitro-
gen. The residue was reconstituted in assay buffer (0.1% gelatin in 
phosphate-buffered saline). The extraction efficiencies were approxi-
mately 68% and 43% for E2 and E1, respectively.

Sample extracts were measured in duplicate with enzyme-linked 
immunoassay kits (SLV-4188 and EIA-4174, for E2 and E1, respec-
tively; DRG Diagnostics, Marburg, Germany) and values corrected 
for extraction losses. According to the manufacturer the E2 assay 
had 0.2% cross-reactivity with E1 and the E1 assay had less than 
0.1% cross-reactivity with E2; cross-reactivity with other steroids 
was less than 0.1%. The sensitivities of the assay curves were 1 and 
15 pg/mL for E2 and E1, respectively (the lowest standard in each 
kit), which was equivalent to 0.3 and 6 pg/mL of milk, respectively. 
The intra- and interassay coefficients of variation for both assays 
were less than 5%.

Preliminary experiments demonstrated that when serial dilutions 
of milk were extracted as described, the resulting extracts (not cor-
rected for extraction volume) were parallel with the standard curve. 
Mean recoveries of added steroid from milk were 102% for E2 and 
94% for E1.

The data were not normally distributed and were log-transformed 
for repeated-measures analysis of variance with JMP software 
(SAS Institute, Cary, North Carolina, USA). Pretreatment samples 
were compared with samples collected at all other time points to 
determine treatment effects. The data are presented as means 6 stan-
dard error. Peak superovulatory milk E2 concentration is defined as 
the maximum concentration reached for each individual (irrespective 
of time of milking) during FSH treatment, and peak synchronization 
milk E2 concentration is defined as the maximum concentration 
reached within 5 d of E2 administration.

Average concentrations of E2 and E1 before synchronization were 
1.5 6 0.5 and 103 6 28 pg/mL, respectively. The values for E2 are 
consistent with those reported by others (10,12), and the values for 
E1 are similar to those reported by Hartmann et al (17) but higher 
than those reported more recently (10,12).

The mean milk E2 and E1 profiles are shown in Figure 1. The 
main objective of the study was to determine the effect of an E2–P4 
protocol for follicle-wave synchronization on milk E2 content. As 
expected, this protocol had an immediate and significant impact 
on milk E2 concentration, the concentrations being significantly 

Figure 1. Concentrations of estradiol (E2) and estrone in milk after 
follicle-wave synchronization with E2 and progesterone (P4) as well as 
ovarian stimulation with follicle-stimulating hormone (FSH). The E2 con-
centration in the 1st milk sample is not shown in the main figure but is 
presented in the inset. Data are means 6 standard error for 6 cows. 
* — significantly different (P , 0.05) from the mean for the pretreatment 
samples; # — significantly different (P , 0.05) from the mean for the 
day-1 samples (not shown for all samples on the inset); E/P — E2 injection 
and intravaginal implantation of CIDR; arrows — FSH injections; P — CIDR 
removal. 
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(P , 0.05) above pretreatment levels for 3 successive milkings after 
E2 injection. Peak E2 levels occurred at the 1st milking for 4 animals 
and at the 2nd milking for 2 animals; the mean peak synchronization 
E2 concentration was 40.2 6 18.5 pg/mL.

The mean E2 concentrations during ovarian stimulation were 
significantly higher (P , 0.05) than the pretreatment levels (compare 
day 0.5 with day 8.5 in Figure 1), and the mean peak E2 concentra-
tion was 4.4 6 0.7 pg/mL, 3-fold higher than the pretreatment levels. 
These data are entirely consistent with those in the only other report 
in the literature on measurement of the effect of superovulatory 
protocols on milk estrogen content, in which an increase of 3 to 
4 times in the E2 concentration in defatted milk was described (16).

To compare the effects of synchronization and superstimulatory 
treatments, the values on day 8.5 were compared with the values 
after administration of E2–P4; only the 1st milk sample (collected 
on day 1) had significantly higher (P , 0.01) E2 concentrations than 
the day-8.5 sample. The pretreatment milk and the samples collected 
on days 6.5, 7.5, and 8 contained significantly less E2 (P , 0.05) than 
the sample collected on day 8.5. It should be noted that the dose of 
estradiol used is within the range previously reported (18), although 
lower doses may be equally effective (18) and would likely result in 
lower milk E2 concentrations than those reported here.

The milk concentration of E1 was less affected by treatment than 
were the milk concentrations of E2. Synchronization doubled the 
E1 concentration (P , 0.05) on day 2 after E2–P4 administration, 
and FSH treatment caused a nonsignificant increase of 50% above 
pretreatment levels. The increase in E1 level during FSH treatment 
is likely caused by the increased number of follicles and therefore 
steroidogenic activity. The increase in E1 level after E2 administra-
tion is most likely due to peripheral metabolism of E2, as E1 is not 
synthesized by mammary tissue (19), and previous studies have 
demonstrated that 14% to 30% of exogenous E2 is metabolized to 
E1 (20,21).

In conclusion, the present study has demonstrated that milk 
estrogen content after an E2-based synchronization protocol is not 
elevated significantly above levels seen during routine superovula-
tory protocols, except for the 1st day after E2 administration.
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